1,2,6,8-Tetrahydroxyxanthone (SR1) and 2,8-dihydroxy-1,6-dimethoxyxanthone (SR2) have been qualitatively and quantitatively determined in leaves and rhizomes of Swertia paniculata. The methanol extracts were analyzed on a C 18 column using MeOH and H 2 O as mobile phase at a flow rate of 1 mL/min. Identification was achieved using an UV variable λ detector set at 260 nm. Variation in the bioactive compounds with respect to season and altitude was determined, along with the examination of the antidiabetic activity of the plant. The maximum concentration of SR1 and SR2 was found in leaves collected from Tungnath (3600 m), Uttarakhand, India, in October. The blood sugar level in alloxan induced rats was decreased by 51.0% by the methanol extract of the leaves. Overall, results showed that the concentration of bioactive compounds increased with altitude. October was the period of prime potency and should be the time of harvest for S. paniculata.
Swertia paniculata Wall. (family Gentianacae) is a well known Indian folk medicinal annual herb. It is used as a tonic, and a substitute for S. chirayita in the treatment of malarial and other fevers. About 250 species of Swertia are found in Eurasia, Africa and Madagascar, while only 34 species are found in India, especially in the temperate area of Himalaya [1] . Several oxygenated xanthones and their C-and O-glycosides have been isolated from S. paniculata [2] [3] [4] . 1,2,6,8-Tetrahydroxyxanthone and 2,8-dihydroxy-1,6-dimethoxyxanthone, both with antioxidant activity, have been isolated and characterized from Swertia species [5] . N-hexane and methanol extracts of most Swertia species offered relatively good protection of the liver, with the activity of S. paniculata and S. cordata extracts being better in comparison with the other species [6] .
Possible variation in the levels of the bioactive compounds in S. paniculata has not been reported. However, HPLC methods have been developed for the quantification of xanthones in S. chirata and S. speciosa [7, 8] , and for other naturally-occurring xanthones [9] . Xanthones of S. chirata, S. herba and Gentiana lutea have been separated and identified by HPLC [10, 11] .
Non-standardized herbal extracts have not found acceptance in the global market and, therefore, there is need of chemically standardized herbal extracts with quantified bioactive substances. Due to the importance of Swertia species in Indian medicine and their apparent potential in the global market as health promoters, it was decided to develop a RP-HPLC method with UV detection for the qualitative and quantitative determination of the bioactive xanthones with respect to altitudes and seasons, and to determine the hypoglycemic activity of S. paniculata in alloxan induced diabetic rats.
Several preliminary experiments were conducted to develop such an RP-HPLC method. The HPLC separation conditions for the analytes were optimized systematically by adjusting the methanol to water ratio to obtain better resolution. Chromatographic separation was achieved within 30 min for the standards, as well as for the S. paniculata leaf and rhizome extracts by use of an isocratic mobile phase of MeOH: H 2 O (90:10 v/v), with UV detection at 260 nm. Both standards were run separately to determine the retention time of each analyte. Identification was confirmed by comparison of retention time, and quantification by the linear regression equation (y = mx+c). SR1 and SR2 were Table 1 .
The concentration of SR1 and SR2 varied from site to site and season to season. Maximum concentration of SR1 (2.72%) and SR2 (2.52%) was found in leaves and rhizomes collected from Tungnath (3600 m) in October, whereas the lowest concentration of SR1 (0.12%) and SR2 (0.68%) were found in rhizomes collected from Dugalbitta (2450 m) and Kasturivihar (2550 m) in June of the same year. Results showed that the concentration of both bioactive compounds increased with altitude and maturity. The highest concentrations of both bioactive substances in most of the samples were found in those collected in October from an altitude of 3600 m, which seems to be an appropriate altitude for cultivation and the proper harvesting period.
In the anti-diabetic test, rats received different types of treatment. Groups 1 and II animals, which served as controls, received either water or Tween 80 solution, respectively. Group III animals received Glibenclamide at a dose of 5 mg/kg, body weight. Group IV (test group) rats were given a single dose per day (100 mg/kg, p.o.) of a methanol extract of S. paniculata leaves. Treatment was given for 15 days and blood was withdrawn and analyzed for blood glucose level.
The dose of 100 mg/kg, p.o. of S. paniculata leaf extract was evaluated for antidiabetic activity in alloxan induced diabetic rats; blood sugar level was significantly decreased. Glibenclamide (standard drug) decreased blood sugar level by 61.9 %, and the S. paniculata extract by 51.0%.
The analytical method described in this paper can be used for the qualitative and quantitative determination of 1,2,6,8-tetrahydroxy xanthone and 2,8-dihydroxy-1,6-dimethoxy xanthone in Swertia species. This method is accurate, precise and was successfully used for the analysis of the crude extract of S. paniculata.
Rhizomes and leaves had higher concentrations of the bioactive xanthones in the samples collected in October, and thus this period seems to be the appropriate harvesting period for the Swertia species, and the proper altitude for cultivation 3600 m. It has also been found that the methanolic extract of S. paniculata leaves exhibits a strong glucose lowering effect. Thus we can propose that oxygenated xanthones may be the active principles contributing to this antidiabetic activity. The leaves and rhizomes were air dried at room temperature, ground and separately extracted with methanol using a Soxhlet apparatus. The solvent was removed in a rotary evaporator and 10 mg dry extract was dissolved in 10 mL extraction solvent and passed through a 0.25 µm syringe filter.
Experimental
Apparatus and chemicals: 1,2,6,8-Tetrahydroxyxanthone (SR1) and 2,8-dihydroxy-1,6-dimethoxyxanthone (SR2) were isolated and characterized [5] . HPLC grade methanol and water were purchased from Merck. The C 18 column (0.45 µm), solvent filters and 0.25 µm syringe filters were purchased from Waters (USA).
Preparation of standard solutions:
Standard stock solutions, 100 µg/mL of SR1 and SR2, were prepared in methanol: water (90:10 v/v), and dilutions made in the range 5-100 µg/mL. All solutions were filtered through a 0.25 µm syringe filter and injected into the HPLC. The calibration curve for each compound was constructed by plotting the peak area as a function of the standard analyte concentration.
Calibration: Calibration curves were constructed for both analytes by using a series of standard solutions. All calibration curves were in good linear correlation with correlation coefficient of 0.993 and 0.991 for SR1 and SR2, respectively ( Table 2 ). The linearity of the calibration curves and adherence of the system to Beer's law was validated by the high value of the correlation coefficient. The limit of detection (LOD), defined as the lowest detectable concentration of an analyte, was calculated using the formula LOD = (b+3σ b )/a, where a is the slope of the calibration curve, b is the intercept RP-HPLC of Swertia paniculata Natural Product Communications Vol. 5 (6) 2010 909 and σ b is the standard deviation associated with the intercept [12] . The LODs obtained for the analytes were in the range of 0.86-2.24 µg/mL. Validation: The RP-HPLC method was validated by determining the intra-and inter-day variation [13, 14] . The relative standard deviation (RSD) values for the retention time and peak area for the intra day precision were 0.41-2.14% and 1.68-2.64%, n = 5, respectively.
The RSD values obtained for inter-day variation for the retention time and peak areas were 2.49-3.72% and 1.77-2.97%, respectively.
RP-HPLC analysis:
The standard solution and methanolic extracts were filtered through a 0.25 µm syringe filter and injected into a Waters HPLC system consisting of a double pump, UV detector, Bondapak ® 15-20 µm C 18 (7.8×300 mm) column and a 7725i manual injector. The analyte (20 µL) was eluted isocratically at a flow rate of 1 mL/min using methanol: water (90:10 v/v) as mobile phase; peaks were detected at λ max 260 nm. Chromatograms were generated by Empower-2 software. Each diluted extract was injected into the HPLC 3 times and the average peak area was reported and used for quantification. 
Animals

Induction of diabetes:
Diabetes was induced in the animals by giving a dose of Alloxan, 100 mg/kg body weight, intraperitoneally. After 72 h of alloxan administration, blood was withdrawn from the retroorbital plexus and analyzed for blood glucose level using the GOD-POD method. The animals having a blood glucose level of more than 150 mg/dl were considered as diabetic and taken for further study. The experimental diabetic rats were divided into 4 groups having 5 animals in each. All 5 animals in each group were marked for their identification (H = Head, B = Back, T = Tail, P = Plain, HT = Head-Tail).
Anti-diabetic potential in terms of reduction in blood glucose level is summarized in Table 3 and relative effect is presented in Table 4 . 
